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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with tfie patent application identified therein. 

I also certify that the attached copy of the request for grant of a Patent (Form 1/77) bears an 
amendment, effected by this office, following a request by the applicant and agreed to by the 
Comptroller-General . 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



Re-registration imder the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 
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Low-powet Magnetic Blow Meter 
Field of "die IzLventioji 

This iavention relates to the field of coaductLve flqid flow xoeteEing, particulariy but 
s not exclusively foir use as a udUty wa.tet inetex. 

Background 

Solid state water metets an attr^ctiye tsbdmology fot ttiility jmetering^ particajlady when 
coupled witii one of lixe many available ijoethod^ for xempte metet ±eadtag. In a. 

10 conventional udlicy water tnerex^ a mechanical flpw tcansdacer (tjrpicaBy positive 

displacement or smgle/multi-jet tucbiae) i$ coi;^kd to a regbtet medhanism that mprfusyges 
the number of xepetirhre cycles of the tcansduc^, This mechanism is ofim a mechnnlraL 
odometer. To incet&ce tiais to the electronics requited for remote meter reading can be 
cumbersome and eispcnsive. One solution is Co use a solid-^tate regUteCs widi digital 

n counters andLCD and d&p]ay. 

This invention intiegrates the ftow transducer with the register, by using a solid-state flow 
txansducer. Tliere are a. number of csuadidate technologies fox diis application. These 
■ iadod^: 

20 « UltcaBonic thne-of-£iight 

* Pkddic oscillator 

• Magnetic flow meter 

Hie key g^irrementg for the nansducer are; 

* Basic accuxacy/Iineajicy 
71 * Dynaxnic range 

• Power consuropdon 
■ Cost 

Htstozically, magnetLc flow meters have been ruled out of this application, on die basis of 
$0 tibeir xektcvely high power cousumpdoxi* In other respects, magnetic flow meosos are easily 
able to meet die spedficadons of a utilxcy xnctsr, and ate often used for metering larger- 
sized distnbutxon pipes. 
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J Bmumaiy of flie loventioiti 

c.e». ^. , W, be .chie^i „ ^ ^ 

op«.do. at lower fcM,^^te^„^^,^^^^^ 
20 the power consumptioa o£ ch£ flow meter. 

Brief Desctiptioa of the Drawiags 

Embodiments of tiie invention win now A,.^\^a v 

aa« wm now be descnbed, by way of exampfe. -with 

reference to che accompanying dtawix^gs. in -wWdi: 

E%ure 1 iUustcates a. fIoT»- tube, 

F%ute 2 iUuatrates a flow measurement BT^tem 

Figu« 3 iUusttates the cross-section of a radiaj. remenant flow meter 
Figure 4 iDusttat^s Mi a»al cross-section of tks design in ^z^^ 3. 

jff" Detailed DesciiptioA 

> d,^ • ■=«»'-«=*» "ii^ of a one emhodimer* of ».e.^ 
«.be. Tie iW ,„be. im. eo=«do. . pei, of ^_e«code.. 102. dispo«d . dWer of 
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the T^th at least paft of one sut&« of each electtode hx inritoate coatact with the fluidl 
ia l3ie pipe. A pait of imgnedc pole pieces. 103, is disposed across lie orthogonal diamete, 
ofliepqje. A inagttetic dtcui; 104, li^ Said tnagaetic citcpii; 

104, caatains one ormore elements eKhibiting Magnetic remenance. A set of coils, 105, is 
wound atoimd patt of the magnetic drarit, m 

magnetic dxcuk, 104, may be alt^ by appjyinga ^bk cutient^wfomi through the 
Tsdndings, 105. . 



Figmc2showftblockdiag!amoftheiaeter. Theekadrydes, 102,flre coxmectedto sign^ 
to condidoning means, 201 , incotpomting paii^ve Gha dei^ents which fOter the sign^ fcom 
the ^lectrodfs wiAout ih& ne^ds fosr actirc an^IificatioaflL The o\nput(sJ fcom the signal 
conditioning ajB passed to the ampSfication and analogue-to-digital convexsion fADQ 
meatus^ 202. I>igital data 3BD€>m this is passed to t^^ Said 
digital processing means conttols tihc power and coniv-ersion ti'ma of the ADC, 203» and also 
controls a current so we. 204, ^ftrfdch is able to coattol -die cuctent ^ou^ set of coik 105 
in such a fashion as to altct the remenance of fiie coagAetic drcuit, 104^ The processoj:^ 
203, is also coi>xiected to disp3a7 means, 205, and, optioaaciily, otics or more communication 
means 206. 

20 Thepnndpleofopexationoflhe Jsmenan.tsysi^ The mngngtic 

citcuit» 104, Jnay be magnetised in. three difSfetent states, such diat the magc.etic field 
developed across the jQlow tobe, 101, is one of two substantially eqt^ but opposite 
p ol ariti e s ("forward" and '"teverse"), or substantially zero. 

2S The system tjrpii;^ opetates on a periodic cyde, so an arbitcary startup point is assimaisdj 
where the jBeld actors the flow tobe is ^'foxward". Water flow lijLtough the flow tube 
generates an emf betweesn (he electcodeB> 102, using the same pxinciple as in a conventional 
tuagnctic flow meter, and the putpose of the measufement system is to obtain a measure of 
this emf (and hence dbie flow rate), and to integtate tids over time to calculate the total 

30 volume that has passed thxou^ dus: jlow tube. 

Ths signal co o di rioning mieans, 201, filters the signal actoss the electrodes to obtain a low- 
pass filtered signal at tb« input to ihe amplifier and ADC, 202. The filtemg circuitty in 202 
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tie ADQ and coi^unicated to the processoti 203. 

Once j«3c«s is co^te. tfa. d^Utxy ixi ^P2 « powe^ jd^ ^ 

tbe^goalcoodidoBi^g; 201, n^y be disconnected fiom ^d., topre^tany 
• s«M«J»in?artefectsfcimdistHtfaj^ 

<mtp«tof201 to stabilise befo« again ane.^g202. san^pling «>e dgn^..,^ 

201,andco«...^204tofl^dxefieldpoJ«ti.ytO«W^ This periodic cyde 

js located condauoualy. 

The pxocessox. 203, calcukt.. tie signal from dxe fbw mb. caused by flo^ „ lie 
diference bec«.eea the values measured vn^ -forward" and field. Tlxese ^es 

are digitally filtered and scaled c^oJate «n ins.«xtaneous flow tate (fluid vo W 
vo W/dtne), and dns dgnal is iotegn^ted ov« time to cafcula^ total fbid vota^ 

The display. 20S, dispky. die toCal integrated fluid vo3«n« through the flow tube If 
.ppxopmte, tie display n^y «how otier pa«neters xeWg to either the historical 
flow of fluid ducoghtfaeflowtabe. OX other operational or ideariiic^n paxameter, 
typically used in utility ta©teLring. 

Ite conununicadon means, 206, allc^ one ox n««e £undan.antal o. d^.^ g^^ities 
W the basic flew ^easu^ment to be sent .cross . communications interfece to a «ader 
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Byway of esan^Ie, but wMiout limitation, $Qme typical exan^jbs oi^^ fidd levels and 
swiJxiing&eqaeaciesthflt In aa embodiment 

design fox a 0.5 iach dxameeet water metei; the firfd Ifercl fix>m the xemenajat system would 
iTpically b© ±1000 A/m* The field is wrersed ten limes ft sccosnd, and ju^t priat to each 
mversal, the ampKfifiK and ADC, 202, sxe energised fojc 100 ^9 to measure the passively 
fflteced signal at ±& oiitjrot of 201; At the mmimom flov tace <rf 0^ gpm &r this type of 
metet, the emf genctataad at the dcctcodes is of the oxdet of 2 jtV. The typi<!:al jioise at die 
electrodes at 5 Hz fa atouod 50-100 nV/root Hz (them is a Johnson noise component to 
this, but geneiaJly Ihe electtode itself conirihutts noise.). In an integradon tiae of 30s (a 
bandwidth of O.OSHa), the ncdsfe is 9-18 nV, and die measurement ertot 0-5 to iVo, within 
the specifications requited for Axis grade of meter by the AWWA The power reqiwbred to 
IS ^ndtch the mn^eiisadon is scnongly dependent on the ^menant rr^o^A^^ coil desigj:!, 
and th^ presence of conducttve 'materials diat lead to eddy current losses. The minimum 
power is the energy stored in dwb magnedc fidd in die air gap of the magnetic dbrcuit 
muhipfied by the repetidon fiiequency of the field reversal muldplied by 2. This figure can 
be calculated by methods well laiown in the art. 

20 

The eLectrode noise influence the field lervel required in the flow tube to achieve a 
particular signal/ noise ratio and measurement bandwid£h. Electrodes are fi^uer?,tly chosen 

in magnetic flow metetd fot their immuhity to cotf osion effects — for cxa^s^le, stainless 
steel or Hastselloy. Howevea^ afloys lypically have poor electriefll noise characteristics when 
25 used as electcodes. Goodresults can be obtained using m-g^l"r;^U such as gold, platinum or 

gtaphitse- In the presence of chlorinated water, a taetalHc silvEr electrode can be engmeis±ed 
to form an Ag/A^l reference etecttode system — this has paxdcukrly good noisj*: 

perfo rmanc e^ and can sigoificaditly reduce the field levels required to achieve a p«tict»lar 

signal/noise rado. 



Futthex Embodiments 

The geometry of the flow cube can iadKide all methods fcnoxtn;x in the art Without 
limitadon» these include rectangular (including square) axxd v^rjiql configurations- In one 



dqaasd by tbe paidid iuarww ia t3ie illastta 

Aa:os.sectioaalviewissWninFigur.4. Tl« el«ct««te «ys«^, 401, cands« of an 

On each surfece of tt. d«:t«.dc system, 401 . iadmdnd electrodes are fonncd. typical^ 
e^diog.o£«tiera^tb^^ea«allengtf.ofm iHe deca^d^ top of 
the3«bs«.tefonnoaepd.ofdectxod«.102,«ndth..].<«ede.onliecppoHi^ 
asecoadpaiofelea^d... ^Hxe^ electrodes ^ .yp^cdly connected ^ 
crp«allel,aadcomect«li«theiop«tc>fli«^c6nditi^ 20t A 

P«tdculad7 advantageous xnetf^od fe«„ a« cfccttbdes is to use a p«ated circuit bo^ 
typ.cfconstxuctioafortl.edecm,dee^tem,401. H^e dectcodes can be Wed ftom tbc 
sur£.ce.conducto« oa tb^ dtcoit board, which can alio^d^ntageoudybe W to 
im«cooaect tbe electrcdes. and to connect to the dectrcoic, 203 , 202 etr. 

Ttedcctrodemateri^.fife«.A.sys,«„.p^«^,, 

ma7beusedtofcrmtbedectrodesys«m«,gi«]^„^^ Altemath-dy. Wgb-pud^ 
graphite n^y be used-ia this .a.e,li«srapbite««ybeused a, p«rt of the 
dementof the flow td^e. A. described «Iver«ferencedect.odes»a7d.o be used in 
«m,at«>as where dJorinated ^ter ha3 led to the gcnetatioa of dJ^ 

ILedectxoni«,201to206.criticalfyai&ctstiiesyB.«».powerbud^ Anumber 
of teduuques xaay be employed advantageoudy to n«ll out paxadric DC emFs g«,««,ted by 

caaxam^U^ *ad ieace impjeov^ (ba dynamic 

lange of lie converter. 
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Claims 



1. Aflmdfbwmfittttbasedoaina^fltsdcind 

- i toagnetic field is geoemted aczoss tbe fluid hj one or mote elem eats exhibitmg 
mdgtteiic remeoaxice 

- conductive fluid flow generate an -emfbecortea pairs of electtodes as it passes 
thzQvtg^ field 

- pas^Ve sigQ^ COnditionbg elemeat» £QLter t^^? emf 

- peiiodicaUy energised components measure dais filtered $ignal 

- processing mems calculate tke flow rate fcom the sampled filtered sigma 

2. A fluid flow metet as described in claim 1 in -which die passhre conditioning u$es at 
least two of ressstor?, capacitors and inductors 

3- A fluid flbw metfti: a$ described in any of the preceding ckitaS 5n which the field 
polarity is pedodicafly reir^ed 

4. A fluid flow mecec ^ described ii any of the preceding claims in which the electrodes 
a« chosen ficotn a set of naatcaials including gold, carbon (m any form), platinum or 
solver 

5. A fluid flow meter as described in any of die preceding cl^iims applied to utiEty 
metetijag 

S» A fluid flow rcx^ter as described in any of the preceding r-Ut^^ fo^ u$e in domestic utility 
mecetiiag 

7. A fluid flow noeoer a& described in any of the preceding ^l-aimg incorporating 4 
conunumcation capable of ?»ending data, to a remote point 

8. A fluid flow meter as described in any of the preceding claims in which flie eleccf odes 
ate fotmed as alayet of sprinted dtcuit board. 



Absttact 



The pment iavendon relate s to a system fbi aifiasuBng fliadd flow bv magaedc 
induction, nsingapeaocficalfy switched Hsmetamt magnetic fidd, imrfikii the sigosl 
pKxcessbg wad to anflly88 die sigr«b W&e flow't^ 

a low dttiy cyde, and a pasBt^e dwuit h used co filter dae signal from tiie diecttodes. s 
particular ^sdulst die tntua $%Q^ proceasmg decttonicB is not energised. 
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